Abstract Focused assessment with sonography for trauma (FAST) is a limited ultrasound examination, primarily aimed at the identification of the presence of free intraperitoneal or pericardial fluid. In the context of blunt trauma abdomen (BTA), free fluid is usually due to hemorrhage, bowel contents, or both; contributes towards the timely diagnosis of potentially life-threatening hemorrhage; and is a decisionmaking tool to help determine the need for further evaluation or operative intervention. Fifty patients with blunt trauma abdomen were evaluated prospectively with FAST. The findings of FAST were compared with contrast-enhanced computed tomography (CECT), laparotomy, and autopsy. Any free fluid in the abdomen was presumed to be hemoperitoneum. Sonographic findings of intra-abdominal free fluid were confirmed by CECT, laparotomy, or autopsy wherever indicated. In comparing with CECT scan, FAST had a sensitivity, specificity, and accuracy of 77.27, 100, and 79.16 %, respectively, in the detection of free fluid. When compared with surgical findings, it had a sensitivity, specificity, and accuracy of 94.44, 50, and 90 %, respectively. The sensitivity of FAST was 75 % in determining free fluid in patients who died when compared with autopsy findings. Overall sensitivity, specificity, and accuracy of FAST were 80.43, 75 and 80 %, respectively, for the detection of free fluid in the abdomen. From this study, we can safely conclude that FAST is a rapid, reliable, and feasible investigation in patients with BTA, and it can be performed easily, safely, and quickly in the emergency room with a reasonable sensitivity, specificity, and accuracy. It helps in the initial triage of patients for assessing the need for urgent surgery.
Introduction
Trauma is a major cause of death during the first four decades of life and is often associated with permanent disability, resulting in the loss of productive years in young individuals [1] . Trauma commonly affects the age group of 15-44 years, which is economically the most productive age group [1] . The incidence of abdominal trauma is 20 % of all trauma cases, and the relative incidence of blunt/penetrating abdominal trauma differs according to the geographic area. In urban areas, the incidence of gunshot and stab wounds (penetrating wounds) is higher than blunt trauma, and the reverse is the case in rural areas [1] .
Blunt injuries to the abdomen are most common following road traffic crashes and fall from heights [1, 2] and often pose a diagnostic and management challenge. The rapid diagnosis and appropriate and timely intervention of these patients are essential to avoid significant morbidity and mortality associated with delay in treatment [3] .
Because there are inadequacies in physical examination with low sensitivity for the detection of intra-abdominal injuries, particularly in patients with blunt multisystem trauma [2] [3] [4] , focused assessment with sonography for trauma (FAST) has become a safe, reliable, and common modality worldwide in the evaluation of blunt abdominal trauma. The most important factor in the management of blunt abdominal trauma is triage of the patients who require immediate laparotomy or observation only. For this, we need a rapid, reliable, cost-effective, and reproducible investigation. FAST is used for this purpose in most trauma centers in primary screening for the diagnosis of intraperitoneal hemorrhage or intra-abdominal injury [2, 3] .
FAST is a rapid bedside examination that has now become an extension of the physical examination of the patient with blunt trauma abdomen (BTA) and can be performed during the resuscitation of such patients [5] . There are various studies that show the good sensitivity of ultrasound in the detection of hemoperitoneum, but its role in the detection of solid organ injuries is still debatable [6] .
Materials and Methods
Fifty consecutive patients with history of BTA presenting in our emergency department (ED) were included in this study from 1 April 2004 to 31 May 2006. The patients who presented with unrecordable blood pressure or in shock, with an indication for an immediate laparotomy, were excluded from the study. The mechanism of injury and physical examination findings were recorded. An FAST examination was done during initial resuscitation in the ED.
Hemodynamically stable patients with a positive FAST for free fluid underwent an abdominal CT scan with intravenous and oral contrast. If the patients were hemodynamically unstable and not responding to resuscitation or if there was any other indication for laparotomy, the patients underwent immediate surgery without any further investigation. If FAST did not detect any fluid, serial physical examination was performed. The patients were followed up until the time of discharge. Serial ultrasounds were obtained to monitor the progress of the patients while under observation.
FAST was performed by the resident radiologist in the ED before contrast-enhanced computed tomography (CECT), laparotomy, or autopsy. The ultrasound machine installed in the ED was used for this purpose (Sonoline Versa Pro, Siemens, Germany). A curvilinear/sector probe of 3.5 Hz was used. Any free fluid in the abdomen was presumed to be due to hemoperitoneum. FAST findings were confirmed by CECT, laparotomy, or autopsy wherever indicated. For patients in whom nonoperative management was decided, a CECT scan of the abdomen and pelvis including lower chest was performed to confirm the findings of FAST, and the patients were kept under observation. The progress was recorded and followed up until the time of discharge or until the termination of nonoperative management. CECT scan was done in hemodynamically stable patients or those who responded to resuscitation and for whom a nonoperative management was planned with no immediate indication for laparotomy. By statistical methods, sensitivity, specificity, positive predictive value, and negative predictive values were calculated. A p<0.05 was considered significant.
Results
Age of the patients ranged from 3 to 65 years, and mean age was 28.62 years. Most patients were males (male to female ratio, 42:8). History was available in 48 patients regarding the time lag between trauma and arrival in hospital. Of these, almost one third of the patients reached within the first hour of trauma. All of them, except one patient, reached within 24 h of trauma. All 50 patients underwent FAST examination at presentation.
Of 50 patients, 28 patients presented with shock at initial presentation ( Table 1) . The resuscitative efforts failed in eight patients, and they died in the emergency room itself within 30 min of their arrival before they could be shifted to the operation theater for emergency surgery. Twelve patients underwent immediate surgery for hemodynamic instability. Eight of these patients responded to resuscitation with crystalloids and blood products. After adequate stabilization, they underwent CECT scan and were planned for nonoperative management.
Twenty-two patients were hemodynamically stable at presentation. Of these, three patients had frank signs of peritonitis and underwent laparotomy. Another 3 patients Nonoperative Management A total of 24 patients underwent nonoperative management. Of these, eight patients were in hypotension at presentation, and they responded to fluid resuscitation and packed red blood cell transfusion. Sixteen patients were hemodynamically stable at presentation. All these 24 patients underwent FAST as well as CECT scan of the lower chest, abdomen, and pelvis with oral and intravenous contrast. Of these, FAST showed 17 patients with free intraperitoneal fluid and 7 patients with no free fluid in abdomen, whereas CECT was positive in 22 and negative in 2 patients for free intraperitoneal fluid ( Figs. 1  and 2 ). CECT findings were compared with FAST findings for free fluid.
FAST had a sensitivity, specificity, and accuracy of 77.27, 100, and 79.2 %, respectively, for the detection of free fluid when compared to CECT scan (Table 1) .
There were two failures of nonoperative management: one underwent splenorrhaphy on day 5 and the other patient with grade IV liver injury needed laparotomy after 4 days of nonoperative management. Follow-up of the patients was carried out at 1 and 4 weeks following discharge. Ultrasound was done at 1 week. No significant complications occurred in any of these patients needing hospitalization or any intervention.
Operative Management
Twenty patients required laparotomy. Of these, 18 patients required immediate laparotomy after initial resuscitation for various indications as described earlier. Two patients were operated upon due to the failure of conservative management.
Of 20 patients, including 2 FAST-positive patients with failure of NOM, who underwent laparotomy, FAST detected free fluid in 17 patients, whereas laparotomy confirmed the presence of free fluid in 18 patients.
The FAST had a sensitivity, specificity, and accuracy of 94.44, 50, and 90 %, respectively, in the detection of free fluid in the operative group ( Table 2) .
The overall sensitivity, specificity, and accuracy of FAST were 80.4, 75, and 80 %, respectively, for the detection of free fluid in the abdomen after BTA (Table 3) . Of the eight patients who died during resuscitation, FAST detected six patients with free fluid and two were false negatives for free fluid. Of all 15 patients (30 %) who died in the study, FAST detected 10 patients with free fluid, and autopsy showed all 15 patients with free fluid. The sensitivity and positive predictive value of FAST were 75 and 100 %, respectively, in the detection of free fluid as compared to autopsy.
Discussion
BTA is often a great diagnostic and management challenge to trauma surgeons. The rapid diagnosis and appropriate and timely intervention in patients of intra-abdominal injury are essential to avoid significant morbidity and mortality that, in the case of delayed diagnosis and treatment, are very high, while the outcome of early diagnosis and optimal intervention is extremely rewarding [7] . A number of studies have been done for accurate diagnosis of intra-abdominal bleeding and its management [2-4, 6, 8-12] .
The most important factor in the management of blunt abdominal trauma is triaging the patients who require immediate laparotomy or observation only. The history and physical examination may be unreliable because of various factors. No single investigation has been found to accurately identify patients who require immediate laparotomy. For this, we need a rapid, reliable, safe, cost-effective, and repeatable investigation. In this clinical scenario, FAST is used frequently in most trauma centers in primary screening for the diagnosis of intraperitoneal hemorrhage [2, 3] .
In a study by Bode et al. [8] , 1,671 patients underwent FAST. Four hundred seventy patients were with negative sonographic findings and were discharged approximately 12 h after admission, without confirmation by a gold standard test. This gave a sensitivity of 88 %, a specificity of 100 %, and an accuracy of 99 %.
In a study by Healy et al. [13] , 800 patients were screened by ultrasound in blunt abdominal trauma. They determined that sonography had a sensitivity of 88 % and a specificity of 98 %.
In a study by Richards et al. [14] , 3,264 patients were taken and all underwent FAST, and the findings were compared with CECT/surgery/clinical outcome. In this study, the sensitivity, specificity, and accuracy were 60, 98, and 80 %, respectively, for free intraperitoneal fluid. In a large review, Adams et al. [15] concluded that FAST examination has 82 % sensitivity and 99 % specificity for detecting intraabdominal injuries in adults with blunt abdominal trauma. Fleming et al. [16] , in a study, concluded that FAST had a specificity of 94. In our study, we have used the best available gold standards for comparison of the results of FAST, and the sensitivity of FAST has ranged from 63 to 100 %. The overall sensitivity, specificity, and accuracy of FAST were 80.4, 75, and 80 %, respectively, for free intraperitoneal fluid. When FAST findings were compared with only the CECT findings, the sensitivity, specificity, and accuracy were 77.3, 100, and 79.2 %, respectively, for free intraperitoneal fluid. A total of 20 patients underwent surgery (18 immediately and 2 out of failure in nonoperative management). When FAST findings were compared with the surgical findings, the sensitivity, specificity, and accuracy were 94.4, 50, and 90 %, respectively, for free intraperitoneal fluid.
Conclusion
From this study, it can be reliably concluded that FAST is a feasible investigation in patients with BTA, and it can be performed easily and quickly in the emergency room with a reasonable sensitivity, specificity, and accuracy. It helps in the initial triage of patients for conservative management or immediate operation. FAST can be used safely in patients with blunt abdominal and chest trauma for the diagnosis of intraperitoneal bleeding and traumatic pericardial tamponade, without any added complications. CECT scan can be used in BTA for the diagnosis of hemoperitoneum and hollow viscus injuries. CECT scan is more sensitive and specific in detecting free intraperitoneal fluid following BTA than FAST, but it is time consuming and expensive. Though the present study was a small pilot study, we need to perform a larger study to reach a definite conclusion. 
